Abstract. The cerebral blood flow velocity (CBFV) of middle cerebral artery (MCA) was detected during the fatigue driving using Transcranial Doppler. The CBFV was also analyzed after the fatigue driving by different means of relaxation to alleviate brain fatigue. The results show that the CBFV in MCA is reduced by driving fatigue.
Introduction
Transcranial Doppler (TCD) was first described by Aaslid et al. in 1982 [1] . Because of a high temporal resolution TCD has become a widely used method to determine cerebral blood flow velocity (CBFV) of the basal cerebral arteries during specific stimulation conditions [2] [3] [4] [5] . Frauenfelder et al. found that specific CBFV patterns support the idea of different cognitive challenges for planning and control between easy and difficult conditions [6] . Schnittger et al. reported that the differential blood flow changes in the two middle cerebral arteries (MCA) as a function of attention to the visual stimulus [7] .
In USA there were 42,643 persons killed and 2,889,000 persons injured in traffic crashes in 2003 [8] . One of the causes for motor vehicle crashes is the effect of fatigue driving [9] [10] . But how is the CBFV during the driving fatigue? Could the CBFV be changed using the head massage after driving fatigue? In this paper blood flow velocity changes in MCA induced by driving fatigue were researched.
Materials and methods
Eighteen right-handed healthy volunteers (range 20-30 years) participated in the experiment. Tran cranial Doppler measurements were performed with a COMPANION III TCD instrument. The cerebral blood velocity was measured from the right MCA using TCD. A 2-MHz pulsed wave transducer was placed over the temporal window and fixed with a headband. Peak mean CBFV of MCA （Fig.1）that represents the mean CBFV of the envelope curve was assessed in all examined vessels. The head massages were performed with a massager (breo ®). The on-board measurements were conducted in the experimental car.
Continuous variables are expressed as mean ± SD. We used the paired Student t-test to compare peak mean CBFV of MCAs between control group and the experiment group. All tests were 2-sided, and a value of p < 0.05 was considered statistically significant.
The subjects were divided into three groups (Fig.2) , the control group, experimental group 1 (15min head massage after driving) and experimental group 2 (15 min natural break after driving). The experiments are as follows. In the beginning of the experiment, the cerebral blood velocities were measured from the right MCA of all subjects. After that, the subjects in experimental group 1 and 2 drove the experimental car for 1h. Then, the cerebral blood velocities were measured from the right MCA of all subjects. Subjects in experimental group 2 took 15min natural break after driving. Subjects in experimental group 1 were performed with the 15 min head massager. At 85 min after the beginning of the experiment, the cerebral blood velocities were measured from the right MCA of all subjects. 
Results
The results show that cerebral blood flow velocities (CBFVs) of the right MCA after 1h driving are less than the control group (Fig.3, P<0 . 01), i.e. the blood flow velocities in MCA are reduced after 1h driving. It means that fatigue driving could bring about the decrease of the CBFV. After 15min natural break, the CBFV began to recover (Fig.4) . The recovering effect through 15min head massage is better than through 15min natural break (Fig.4) . There is the significant different (p<0.05) between the CBFV changes induced by 15min head massage after the driving and just after the driving.
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Discussion
In this paper, the effects of fatigue driving on cerebral blood flows have been showed. The cerebral blood flows of middle cerebral artery were detected during the fatigue driving by the Transcranial Doppler in real time, and compared to analyze the effects of fatigue driving on blood flows velocity.
The cerebral blood flows were also detected after the fatigue driving by different means of relaxation to alleviate brain fatigue. The results show that the CBFV in MCA is reduced by fatigue driving. After 15 min natural break after the driving the CBFV began to recover. The recovering effect by 15min head massage after the driving is better than the effect after 15min natural break. There is the significant different (p<0.05) between the CBFV changes induced by 15min head massage after the driving and just after the driving.
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It has been reported that the oxygenation delivery of brain tissue is associated with the cerebral blood flow velocities [11] [12] [13] . The decrease of CBFV in MCA means that the oxygenation delivery of brain tissue could come down after 1h driving. If the oxygenation of brain tissue is insufficient, subjective activation could be reduced. It could easily lead to motor vehicle crashes. Through 15 min natural break after driving the CBFV could be gradually recovered with the recovering of the oxygenation delivery in brain tissue. The head massage is a method of brain rehabilitation [14] .The head massage could speed up the rehabilitation of the oxygenation delivery in brain tissue. That means that CBFV could be faster recovered by the head massage after driving fatigue. The CBFV of MCA using TCD may be a physiological index for checking the level of the driving fatigue.
